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[Abstract] 



[Aim] To enable particulate filters to be reduced in size by virtue of a simple structure, and to 
enhance engine durability by reducing the particulate content of the exhaust gas recirculated to 
the intake system. 

[Constitution] The intake pipe 12 is connected to the engine 10 via an intake manifold 1 1 and 
the exhaust pipe 14 is connected to the engine via an exhaust manifold 13. An EGR passage 16 
branching from the exhaust pipe is confluent with the intake pipe and the flow rate of exhaust gas 
circulated to the intake pipe from the EGR passage is regulated by an EGR flow control valve 17. 
A controller 24 controls the EGR flow control valve on the basis of detection outputs from a 
revolution sensor 22 detecting engine speed and a load sensor 23 detecting engine load. An 
oxidation catalyst 18 and particulate filter 19 are provided in the EGR passage in that order 
proceeding from the exhaust upstream end; wherein an active metal is supported on the 
particulate filter, so constituted as to function also as an oxidation catalyst, 

[Abstract diagram and key: see Drawings, Fig.l] 

[Scope of Claims] 

[Claim 1] An exhaust gas cleaner characterised as an exhaust gas cleaner equipped with an 
intake pipe (12) connected to the intake manifold (1 1) of the engine (10) and supplying air to the 
aforesaid engine (10), an exhaust pipe (14) connected to the exhaust manifold (13) of the 
aforesaid engine (10) and discharging the exhaust gas from the aforesaid engine (10) to the 
atmosphere, an EGR passage (16,66) branching from the aforesaid exhaust pipe (14) and 
confluent with the aforesaid intake pipe (12) or aforesaid intake manifold (1 1), an EGR flow 
control valve (17,67) whereby the flow rate of the exhaust gas circulated from the aforesaid EGR 
passage (16,66) to the aforesaid intake pipe (12) or aforesaid intake manifold (11) can be 
controlled, a revolution sensor (22) that detects the speed of the aforesaid engine (10), a load 
sensor (23) that detects the load on the aforesaid engine (10), and a controller (24) that controls 
the aforesaid EGR flow control valve (17) on the basis of detection outputs from the aforesaid 
revolution sensor (22) and the aforesaid load sensor (23); 

wherein an oxidation catalyst (18) and a particulate filter (19) are provided in the aforesaid EGR 
passage (16,66) in that order proceeding from the exhaust upstream end, and an active metal is 
supported on the aforesaid particulate filter (19), which is so constituted as to ftmction also as an 
oxidation catalyst. 

[Claim 2] The exhaust gas cleaner set down in Claim 1 wherein the oxidation catalyst (1 8) is 
constituted by supporting an active metal of Pt, Pd, Ir, Rh, Co, Cu, Ni or Cr on a support of 
alumina, cordierite, beryllia, mullite, zirconia, silicon nitride or silicon carbide. 
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[Claim 3] The exhaust gas cleaner set down in Claim 1 or Claim 2 wherein the active metal 
supported on the particulate filter (19) is Pt, Pd, Ir, Rh, Co, Cu, Ni or Cr. 

[Claim 4] The exhaust gas cleaner set down in any of Claims 1 to 3, equipped with: 
a heat-exchanger (41,61) provided in the EGR passage (16,66) on the exhaust upstream side of 
the oxidation catalyst (18) and allowing heat exchange with the exhaust gas flowing through the 
EGR passage (16,66), 

a coolant delivery means (42,62) that feeds coolant (68) to the aforesaid heat-exchanger (41,61) 
to reduce the temperature of the exhaust gas flowing through the aforesaid EGR passage (16,66), 
and a temperature sensor (49) provided in the aforesaid EGR passage (16,66) on the exhaust 
upstream side of the aforesaid oxidation catalyst (18) to detect the temperature, of Ae exhaust gas 
flowing through the EGR passage (16,66); 

and constituted so that the controller (24) controls the aforesaid coolant delivery means (42,62) 
on the basis of the detection output from the aforesaid temperature sensor (49). 

[Claim 5] The exhaust gas cleaner set down in any of Claims 1 to 4, equipped with: 
a heat-exchanger (71,81) provided in the EGR passage (16,66) on the exhaust downstream 
stream side of the particulate filter (19) and allowing heat exchange with the exhaust gas flowing 
through the EGR passage (16,66), 

a coolant delivery means (72,82) that feeds coolant to the aforesaid heat-exchanger (71 ,81) to 
reduce the temperature of the exhaust gas flowing through the aforesaid EGR passage (16,66), 
and a temperature sensor (79) provided in the aforesaid EGR passage (16,66) on the exhaust 
downstream side of the aforesaid particulate filter (19) to detect the temperature of the exhaust 
gas flowing through the EGR passage (16,66); 

and constituted so that the controller (24) controls the aforesaid coolant delivery means (72,82) 
on the basis of the detection output from the aforesaid temperature sensor (79). 

[Claim 6] The exhaust gas cleaner set down in Claim 4 or Claim 5 wherein the coolant is air, 
and the coolant delivery means (42,72) is equipped with: 
a duct (43,73) connected to the heat-exchanger (41,71), 

a blower (44,74) compressively delivering the aforesaid air to the aforesaid heat-exchanger 
(41,71) via the aforesaid duct (43,73), 

and an air flow control valve (45,75) provided in the aforesaid duct (43,73) whereby the flow rate 
of the aforesaid air through the aforesaid duct (43,73) can be regulated; 

and constituted so that the controller (24) controls the aforesaid blower (44,74) and the aforesaid 
air flow control valve (45,75) on the basis of the detection output from the temperature sensor 
(49,79). 
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[Claim 7] The exhaust gas cleaner set down in Claim 4 or Claim 5 wherein the coolant (68) is 
water, and the coolant delivery means (62,82) is equipped with: 
a coolant pipe (63,83) coimected to the heat-exchanger (61,81), 

a coolant pump (64) compressively delivering the aforesaid water (68) to the aforesaid heat- 
exchanger (61,81) via the aforesaid coolant pipe (63,83), 

and a coolant flow control valve (65,85) provided in the aforesaid coolant pipe (63,83) whereby 
the flow rate of the aforesaid water (68) through the aforesaid coolant pipe (63,83) can be 
regulated; 

and constituted so that the controller (24) controls the aforesaid the aforesaid coolant flow 
control valve (65,85) or the aforesaid coolant flow control valve (65,85) and the aforesaid 
coolant pump (64) on the basis of the detection output from the temperature sensor (49,79). 

[Claim 8] An exhaust gas cleaner characterised as an exhaust gas cleaner equipped with an 
intake pipe (12) connected to the intake manifold (1 1) of the engine (10) and supplying air to the 
aforesaid engine (10), an exhaust pipe (14) connected to the exhaust manifold (13) of the 
aforesaid engine (10) and discharging the exhaust gas from the aforesaid engine (10) to the 
atmosphere, an EGR passage (16) branching from the aforesaid exhaust pipe (14) and connected 
to the aforesaid intake pipe (12) or the aforesaid intake manifold (1 1), an EGR flow control valve 
(17) provided in the aforesaid EGR passage (16) whereby the flow rate of exhaust gas circulated 
to the aforesaid intake pipe (12) or the aforesaid intake manifold (11) can be regulated, a 
revolution sensor (22) that detects the speed of the aforesaid engine (10), a load sensor (23) that 
detects the load on the aforesaid engine (10), and a controller (24) that controls the aforesaid 
EGR flow control valve (17) on the basis of detection outputs from the aforesaid revolution 
sensor (22) and the aforesaid load sensor (23); 

wherein an oxidation catalyst (18) and a particulate filter (19) are provided in the aforesaid 

exhaust pipe (14) in that order proceeding from the exhaust upstream end, 

an active metal is supported on the aforesaid particulate filter (19), which is so constituted as to 

function also as an oxidation catalyst, 

and the aforesaid EGR passage (16) branches from the aforesaid exhaust pipe (14) on the exhaust 
downstream side of the aforesaid particulate filter (19). 

[Claim 9] The exhaust gas cleaner set down in Claim 8, equipped with: 

a heat-exchanger (71) provided in the EGR passage (16) and allowing heat exchange with the 

exhaust gas flowing through the EGR passage (16), 

a coolant delivery means (72) that feeds coolant to the aforesaid heat-exchanger (71) to reduce 

the temperature of the exhaust gas flowing through the aforesaid EGR passage (16), 

and a temperature sensor (79), provided in the aforesaid EGR passage (16,66), that detects the 

temperature of the exhaust gas flowing through the EGR passage (16,66); 

and constituted so that the controller (24) controls the aforesaid coolant delivery means (72) on 

the basis of the detection output of the aforesaid temperature sensor (79). 
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[Detailed Description of Invention] 

[0001] 

[Field of industrial utility] The invention relates to apparatus for cleaning up mainly the nitrogen 
oxides (hereinafter called NOx) contained in engine exhaust. More specifically, it relates to an 
exhaust gas cleaner utilising exhaust gas recirculation (hereinafter called EGR) apparatus. 

[0002] 

[Prior art] As an exhaust gas cleaner of this kind, EGR apparatus has heretofore been disclosed 
(Japan Utility Model Kokai No.6 1-101 663) wherein an EGR passage is provided between the 
engine exhaust system and intake system, a re-bum filter that removes particulates from the 
exhaust gas by re-buming is provided in the EGR passage, and a cooler cooling the exhaust gas 
re-burned to a high temperature is provided in the EGR passage on the exhaust downstream side 
of the filter. Since a heating means such as a nichrome wire is provided in the re-bum filter in the 
apparatus and the particulates in the exhaust gas are removed by re-burning by the heating 
means, cleaned exhaust gas free from particulates can be circulated to the engine. As a result, 
wear of the sliding parts of the engine by the aforesaid particulates can be prevented and the 
amount of carbon, etc., contaminating the engine lubricant can be reduced; the durability of the 
engine and life span of the lubricant can therefore be improved. Moreover, since exhaust gas at 
low temperature can be circulated to the engine, the amount of NOx discharged by the engine can 
be greatly reduced. 

[0003] 

[Problem addressed by the invention] However, EGR apparatus of the aforesaid prior art has had 
the drawback that a heating means must be provided in the re-burn filter, complicating the 
structure of the filter and increasing its size. The aim of the present invention is to provide an 
exhaust gas cleaner wherein the particulate filter can be given a relatively simple structure and 
reduced in size, and whereby engine durability can be enhanced through reduction in the amount 
of particulates in the exhaust gas circulated to the intake system. Another aim of the invention is 
to provide an exhaust gas cleaner that can prevent the formation of sulphate and preclude 
decrease in combustion efficiency in the engine by controlling the temperature of the exhaust gas 
flowing into the oxidation catalyst to not more than a predetermined temperature. 

[0004] 

[Means of solving the problem] The constitution of the invention devised to fiilfil the aforesaid 
aims will be explained with the aid of Fig. 1, Fig.2, Fig.4 and Figs.7-10, corresponding to 
working examples. The first part of the invention is a refinement of an exhaust gas cleaner 
equipped as shown in Fig.l with an intake pipe 12 connected to the intake manifold 1 1 of the 
engine 10 and supplying air to the engine 10, an exhaust pipe 14 connected to the exhaust 
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manifold 13 of the engine 10 and discharging the exhaust gas from the engine 10 to the 
atmosphere, an EGR passage 16 branching from the exhaust pipe 14 and confluent with the 
intake pipe 12 or the intake manifold 1 1, an EGR flow control valve 17 whereby the flow rate of 
the exhaust gas circulated from the EGR passage 16 to the intake pipe 12 or the intake manifold 
1 1 can be controlled, a revolution sensor 22 that detects the speed of the engine 10, a load sensor 
23 that detects the load on the engine 10, and a controller 24 that controls the EGR flow control 
valve 17 on the basis of the detection outputs from the revolution sensor 22 and the load sensor 
23. The constitution characterising the invention is that an oxidation catalyst 18 and particulate 
filter 19 are provided in the EGR passage 16 in that order proceeding from the exhaust upstream 
end, and that active metal is supported on the particulate filter 19, which is so constituted as to 
function also as an oxidation catalyst. 

[0005] In addition, as shown in Fig.2 or Fig.4, it is preferred that the invention is equipped with 
a heat-exchanger 41 or 61 provided in the EGR passage 16 or 66 on the exhaust upstream side of 
the oxidation catalyst 18 and allowing heat exchange with the exhaust gas flowing through the 
EGR passage 16 or 66, a coolant delivery means 42 or 62 that feeds coolant 68 to the heat- 
exchanger 41 or 61 to reduce the temperature of the exhaust gas flowing through the EGR 
passage 16 or 66, and a temperature sensor 49 provided in the EGR passage 16 or 66 on the 
exhaust gas upstream side of the oxidation catalyst 18 to detect the temperature of the exhaust 
gas flowing through the EGR passage 16 or 66; and is constituted so that the controller 24 
controls the coolant delivery means 42 or 62 on the basis of the detection output from the 
temperature sensor 49. As shown in Fig. 7 or Fig.8, the invention can also be equipped with a 
heat-exchanger 71 or 81 provided in the EGR passage 16 or 66 on the exhaust downstream 
stream side of the particulate filter 19 and allowing heat exchange with the exhaust gas flowing 
through the EGR passage 16 or 66, a coolant delivery means 72 or 82 that feeds coolant to the 
heat-exchanger 71 or 81 to reduce the temperature of the exhaust gas flowing through the EGR 
passage 16 or 66, and a temperature sensor 79 provided in the EGR passage 16 or 66 on the 
exhaust downstream side of the particulate filter 19 to detect the temperature of the exhaust gas 
flowing through the EGR passage 16 or 66; and constituted so that the controller 24 controls the 
coolant delivery means 72 or 82 on the basis of the detection output from the temperature sensor 
79. 

[0006] As shown in Fig.2 or Fig.7, the invention can also be constituted so that the coolant is 
air; the coolant delivery means 42 or 72 is equipped with a duct 43 or 73 connected to the heat- 
exchanger 41 or 71, a blower 44 or 74 compressively delivering the air to the heat-exchanger 41 
or 71 via the duct 43 or 73, and an air flow control valve 45 or 75 provided in the duct 43 or 73 
whereby the flow rate of the air through the duct 43 or 73 can be regulated; and the controller 24 
controls the blower 44 or 74 and the air flow control valve 45 or 75 on the basis of the detection 
output from the temperature sensor 49 or 79. Furthermore, as shovsm in Fig.4 or Fig.8, the 
invention can be constituted so that the coolant 68 is water; the coolant delivery means 62 or 82 
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is equipped with a coolant pipe 63 or 83 connected to the heat-exchanger 61 or 81, a coolant 
pump 64 compressively delivering the water 68 to the heat-exchanger 61 or 81 via the coolant 
pipe 63 or 83, and a coolant flow control valve 65 or 85 provided in the coolant pipe 63 or 83 
whereby the flow rate of the water 68 through the coolant pipe 63 or 83 can be regulated; and the 
controller 24 controls the aforesaid the coolant flow control valve 65 or 85 or the coolant flow 
control valve 65 or 85 and the coolant pump 64 on the basis of the detection output firom the 
temperature sensor 49 or 79. 

[0007] The second part of the invention is characterised in that, as shown in Fig.9, an oxidation 
catalyst 1 8 and a particulate filter 19 are provided in the exhaust pipe 14 in that order proceeding 
from the exhaust upstream end, an active metal is supported on the aforesaid particulate filter 19 
so that the particulate filter 19 also functions as an oxidation catalyst, and the EGR passage 16 
branches from the exhaust pipe 14 on the exhaust downstream side of the particulate filter 19; 
and is preferably constituted as shown in Fig. 10 so that it possesses a heat-exchanger 71 provided 
in the EGR passage 61 and allowing heat exchange with the exhaust gas flowing through the 
EGR passage 16, a coolant delivery means 72 that feeds coolant to the heat-exchanger 71 to 
reduce the temperature of the exhaust gas flowing through the EGR passage 16, 
and a temperature sensor 79, provided in the aforesaid EGR passage 16, that detects the 
temperature of the exhaust gas flowing through the EGR passage 16; and the controller 24 
controls the coolant delivery means 72 on the basis of the detection output of the temperature 
sensor 79. 

[0008] 

[Action and effect] Referring to the exhaust gas cleaner shown in Fig.l, when the EGR flow 
control valve 17 opens, exhaust gas is first admitted to the oxidation catalyst 18, where the 
unbumed fuel and SOF (soluble organic fraction) comprising the unbumed lubricant 
combustibles in the particulate fraction of the exhaust gas are oxidised. The exhaust gas is then 
admitted to the particulate filter 19, where the soot in the particulate fraction of the exhaust gas is 
trapped. As a result, the particulate fraction of the exhaust gas circulated to the intake pipe 12 or 
intake manifold 1 1 is greatly reduced. In addition, the soot deposited on the filter 19 is oxidised 
by the Pt supported on the filter 19. 

[0009] Referring to the exhaust gas cleaner shown in Fig.2, the temperature of the exhaust gas 
admitted to the oxidation catalyst 1 8 is controlled by the heat-exchanger 41 to not more than a 
predetermined temperature below which sulphate cannot form; the sulphate content of the 
exhaust gas circulated to the intake pipe 12 or intake manifold 1 1 is therefore reduced. In 
addition, the soot deposited on the filter 19 is oxidised by an active metal, supported on the filter 
1 9, that continues to exhibit catalytic activity at temperatures below the aforesaid predetermined 
temperature. 
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[0010] 

[Working examples] Working examples of the invention will now be described in detail with 
reference to the drawings. 

<Working Example 1> As shown in Fig.l, an intake pipe 12 is connected to the intake port of a 
diesel engine 10 via the inlet manifold 1 1 while an exhaust pipe 14 is connected to the exhaust 
port via the exhaust manifold 13. The exhaust pipe 14 and the intake pipe 12 are at some point 
along their respective paths interconnected by means of an EGR passage 16, i.e. the EGR 
passage 16 branches from the exhaust pipe 14 and is confluent with the intake pipe 12. The EGR 
passage is provided with an EGR flow control valve 17 whereby the flow rate of exhaust gas 
circulated to the intake pipe 12 from the EGR passage 16 can be regulated. The control valve 17 
has a valve member 17a that opens or closes the EGR passage 16, and a valve drive 17b 
constituted by a stepping motor or the like that drives the valve member 17a to a predetermined 
angle, the EGR passage 1 6 thus assuming a predetermined aperture. 

[001 1] On the exhaust downstream side of the EGR flow control valve 1 7, the EGR passage 16 
is provided with an oxidation catalyst 18 and a particulate filter 19, in that order proceeding from 
the exhaust upstream end. The oxidation catalyst i 8 is in this example a monolithic catalyst, 
constituted by supporting Pt on a honeycomb support made of alumina. The particulate filter 1 9 
is in this example a honeycomb filter, an active metal having been supported on the surface of 
the filter 19 so that the filter also fimctions as an oxidation catalyst. Although not shown here, the 
particulate filter 1 9 contains many polygonal passages subdivided by porous partitions of 
cordierite that allow the passage of exhaust gas but not particulates; wherein neighbouring inlets 
and outlets of the polygonal passages are alternately sealed. The active metal supported on the 
surface of the filter 19 is Pt in this example and is either supported directly on the partitions of 
the filter 19 or supported after the partitions have been coated with a slurry containing y-alumina 
powder. The oxidation catalyst 18 and the particulate filter 19 are accommodated in a single, 
long tubular case 21 . 

[0012] The revolution sensor 22 detecting the speed of the engine 10 and the load sensor 23 
detecting the load on the engine 10 are connected to control inputs of the controller 24, while the 
control output from the controller 24 is connected to the EGR flow control valve 17. The 
optimum aperture of the EGR passage 1 6 produced by the EGR flow control valve 1 7 for given 
changes in the engine speed and load is stored as a map in the memory 26 of the controller 24. 
The controller 24 thus recirculates exhaust gas to the intake system by controlling the EGR flow 
control valve 17 on the basis of the detection outputs from the revolution sensor 22 and load 
sensor 23, in consequence whereof the heat capacity of the inert gas that accounts for the greater 
part of the exhaust gas lowers the maximum combustion temperature in the engine 10 and the 
NOx yield can be reduced. Part 27 is a silencer provided in the exhaust pipe 14 on the exhaust 
downstream side of the branch to the EGR passage 1 6. 
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[0013] <Working Example 2> Fig.2 shows a second working example of the invention; wherein 
symbols the same as in Fig. 1 denote the same components. In this example a heat-exchanger 41 
is provided in the EGR passage 16 on the exhaust upstream side of the oxidation catalyst 18 and 
a coolant is fed to the heat-exchanger 41 by a coolant delivery means 42. The heat-exchanger 41 
possesses: a case 41a of diameter larger than the EGR passage 16 and connected to the EGR 
passage 16 at both ends; a large number of fins (not shown) arranged within the case 41a at a 
predefined interval and extending in the direction of exhaust gas flow; and penetrating the fins, a 
large number of tubular elements (not shown) through which coolant can be passed. In this 
example the fins and tubular elements are respectively constituted by SUS403* and SUS316. The 
coolant is air in this example. 

[0014] The coolant delivery means 42 is equipped with a duct 43 connected to the tubular 
elements of the heat-exchanger 41, a blower 44 compressively delivering air to the heat- 
exchanger 41 via the.duct 43, and an air flow control valve 45, provided in the duct 43, whereby 
the flow rate of air through the duct 43 can be regulated. The blower 44 has a blower element 44a 
containing rotatable vanes (not shown) and a blower motor 44b that drives the vanes of the 
blower element 44a. An air cleaner 48 is provided in the intake to the blower element 44a. The 
air flow control valve 45 has essentially the same structure as the EGR flow control valve 1 7, 
possessing a valve member 45a that opens or closes the duct 43, and a valve drive 45b 
constituted by a stepping motor or the like that drives the valve member 45a to a predetermined 
angle, so that the duct 43 assumes a predetermined aperture. 

[0015] In addition, an EGR flow control valve 17 is provided in the EGR passage 16 between 
the oxidation catalyst 1 8 and the heat-exchanger 41, and a temperature sensor 49 detecting the 
temperature of the exhaust gas flowing through the EGR passage 16 is inserted in the EGR 
passage 16 between the oxidation catalyst 18 and the EGR flow control valve 17. The detection 
outputs from the temperature sensor 49, revolution sensor 22 and load sensor 23 are connected to 
the control inputs of the controller 24, while the control output from the controller 24 is 
connected to the blower 44, air flow control valve 45 and EGR flow control valve 17. It is known 
that when the exhaust gas temperature at the inlet to the oxidation catalyst 18 exceeds 400*^0, 
formation of sulphate increases sharply owing to oxidation of the SO2 in the exhaust gas by the 
oxidation catalyst 18. Although counted as particulate matter, the sulphate is of a size that makes 
it almost impossible to trap on the filter 19. For this reason, the example is so constituted that the 
controller 24 controls the blower 44 and air flow control valve 45 to prevent the temperature of 
the exhaust gas flowing through the EGR passage 16 fi^om exceeding 350°C. The example is 
otherwise constituted in essentially the same way as Working Example 1 . 



' see Amendment 
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[0016] <Comparative Example 1> Although not illustrated. Comparative Example 1 was 
constituted as an exhaust gas cleaner from which the oxidation catalyst and particulate filter of 
Working Example 1 had been removed from the EGR passage leaving only the EGR flow 
control valve in the EGR passage. 

[0017] <Evaluative test> The amount of particulates (g/hour) in the exhaust gas circulated from 
the EGR passage 16 to the intake pipe 12 was determined for the respective exhaust gas cleaners 
of Working Example 1, Working Example 2 and Comparative Example 1 under the same 
conditions of engine speed and load on the engine 10. 

[001 8] The test results are shovra in Fig.3. It will be seen from Fig.3 that whereas the amount of 
particulates was 5.0 g/hour in Comparative Example 1, the amount was greatly reduced to 
1.0 g/hour in Working Example 1, This is because the EGR flow control valve 17 opens, 
admitting exhaust gas to the oxidation catalyst 1 8, whereupon the unbumed fuel and SOF 
(soluble organic fraction) comprising the unbumed lubricant combustibles in the particulate 
fraction of the exhaust gas are oxidised by the oxidation catalyst 18, and the soot in the 
particulate fraction of the exhaust gas admitted to the particulate filter 19 is trapped thereon. As a 
result, exhaust gas containing almost no particulates is circulated to the intake pipe 12 and the 
durability of the engine 10 can be enhanced. Moreover, since the soot deposited on the filter 19 is 
oxidised by the Pt supported on the filter 19, the filter 19 does not become blocked. 

[0019] In Working Example 2, the amount of particulates was further reduced from the amount 
in Working Example 1 to 0.3 g/hour. This was because the temperature of the exhaust gas 
admitted to the oxidation catalyst 18 was controlled to no more than 350°C with the heat- 
exchanger 41, with the result that no sulphate was formed on the oxidation catalyst 18. Again, 
the filter 19 does not become blocked because the soot deposited on the filter 19 is oxidised by 
the Pt that is supported on the filter 19 and which continues to exhibit catalytic activity at 
temperatures lower than 350°C. 

[0020] <Working Example 3> Fig.4 and Fig.5 show a third working example of the invention. 
Symbols in Fig.4 that are the seune as in Fig. 1 denote the same components. In this example the 
EGR passage 66 on the exhaust upstream side of the oxidation catalyst 18 is bent into a crank 
shape and the EGR flow control valve is provided in the crank-shaped section 66a of the EGR 
passage 66. As shown in detail in Fig. 5, the control valve 67 has a ring-shaped seat 67a mounted 
on the inner peripheral face near the centre of the crank-shaped section 66a of the EGR passage 
66, a valve disc 67b that opens or closes the EGR passage by parting from or abutting against the 
seat 67a, and a valve drive 67c constituted by a linear solenoid or the like that drives the valve 
disc 67b reciprocally in the lengthwise direction at the centre of the crank-shaped section 66a of 
the EGR passage 66 so that the EGR passage 66 assumes a predetermined aperture. 
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[0021] The peripheral surface of the crank-shaped section 66a of the EGR passage 66 is 
enclosed in a jacket 61a; wherein a space 61b allowing passage of coolant 68 is formed between 
the jacket 61a and EGR passage 66. A heat-exchanger 61 is thus constituted by the crank-shaped 
section 66a of the EGR passage 66 and the jacket 61a. The space 61b in the heat-exchanger 61 is 
supplied with coolant 68 by the coolant delivery means 62. The coolant 68 is in this case water. 
Returning to Fig. 4, the coolant delivery means 62 will be seen to possess a coolant pipe 63 
connected to the jacket 61a, a coolant pump 64 compressively delivering water 68 to the 
aforesaid space 61b via the coolant pipe 63, and a coolant flow control valve 65, provided in the 
coolant pipe 63, whereby the flow rate of water 68 through the coolant pipe 63 can be regulated. 

[0022] The coolant pump 64 is driven by the engine 10 and circulates the engine coolant via the 
main pipe 64a to the radiator and engine cooler (not shown). One end of the coolant pipe 63 is 
connected to the main pipe 64a on the discharge side of the pump 64 while the other end is 
connected to the radiator. The coolant flow control valve 65 has a needle valve (not shown) for 
opening and closing the coolant pipe 63, and a valve drive 65a constituted by a stepping motor or 
the like that drives the needle valve to a predetermined angle, the coolant pipe 63 then assuming 
a predetermined aperture. 

[0023] In addition, a temperature sensor 49 for detecting the temperature of the exhaust gas 
flowing through the EGR passage 66 is inserted in the EGR passage between the oxidation 
catalyst 18 and the heat-exchanger 61. The detection outputs of the temperature sensor 49, 
revolution sensor 22 and load sensor 23 are connected to the control inputs of the controller 24, 
while the control output of the controller 24 is connected to the coolant flow control valve 65 and 
EGR flow control valve 67. The controller is further constituted so as to control the coolant flow 
control valve 65 to prevent the temperature of the exhaust gas flowing through the EGR passage 
from exceeding 350°C. The example is otherwise constituted in essentially the same way as 
Working Example 1. Operation of the exhaust gas cleaner thus constituted is essentially the same 
as in the aforesaid Working Example 2, and a repeat description thereof will therefore be 
omitted. 

[0024] <Working Example 4> Fig.6 shows a fourth working example of the invention. Symbols 
in Fig.6 that are the same as in Fig.4 denote the same components. In this example the EGR flow 
control valve 67 is constituted in essentially the same way as in Working Example 3, having a 
valve seat 67a, valve disc 67b and valve drive 67c. Similarly, the heat-exchanger 41 provided in 
the EGR passage 66 between the EGR flow control valve 67 and oxidation catalyst 18 is 
constituted in essentially the same way £is the heat-exchanger of Working Example 2 except that 
the coolant passing through the tubular elements (not shown) is water: it possesses a case 41a, a 
large number of fins (not shown) accommodated within the case 41a, and a large number of 
tubular elements (not shown) penetrating the many fins. The coolant delivery means 62 
supplying water to the tubular elements of the heat-exchanger 41 is constituted in essentially the 
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same way as the coolant delivery means 62 of Working Example 3. The temperature sensor 49 
for detecting the temperature of the exhaust gas flowing through the EGR passage 66 is inserted 
in the EGR passage 66 between the oxidation catalyst 18 and the heat-exchanger 41. The 
example is otherwise constituted in essentially the same way as Working Example 3. Operation 
of the exhaust gas cleaner thus constituted is essentially the same as in the aforesaid Working 
Example 3, and a repeat description thereof will therefore be omitted. 

[0025] <Working Example 5> Fig.? shows a fifth working example of the invention. Symbols 
in Fig.7 that are the same as in Fig. 1 and Fig.2 denote the same components. In this example, a 
heat-exchanger 71 and coolant delivery means 72 with respectively the same structure as the 
heat-exchanger 41 and coolant delivery means 42 of Working Example 2 are provided in the 
EGR passage 16 on the exhaust downstream side of the particulate filter 19, and a temperature 
sensor 79 detecting the temperature of the exhaust gas flowing through the EGK'passage 16 is 
provided in the EGR passage 16 on the exhaust downstream side of the aforesaid heat-exchanger 
71 . The detection output from the temperature sensor 79 is connected to the control input of the 
controller 24 along with the detection outputs from the revolution sensor 22 and load sensor 23, 
while the control output from the controller 24 is connected to the EGR flow control valve 17, 
the air flow control valve 75 of the coolant delivery means 71, and the blower motor 74b. The 
blower 74 possesses a blower element 74a and blower motor 74b, the inlet to the blower 74 being 
provided with an air cleaner 78. The air flow control valve 75, possessing a valve element 75a 
and valve drive 75b, is provided in the duct 73 connecting the exit of the blower 74 to the tubular 
elements of the heat-exchanger 71 . Part 71a is the case of the heat-exchanger 71. The example is 
otherwise constituted in essentially the same way as Working Example 1 . 

[0026] Operation of the exhaust gas cleaner thus constituted will be explained. When the 
temperature sensor 79 detects that the temperature of the exhaust gas cleaned by the oxidation 
catalyst 18 and particulate filter 19 is above 100°C, the controller 24 responds to the detection 
output from the temperature sensor 79 by actuating the blower motor 74b of the coolant delivery 
means 72 to rotate the vanes of the blower 74, and simultaneously actuating the valve drive 75b 
of the air flow control valve 75 to bring the valve element 75a to the predetermined angle, 
thereby feeding air at a predetermined rate to the tubular elements of the heat-exchanger 71 via 
the duct 73. As a result, the temperature of the cleaned exhaust gas falls below lOO^C, a 
comparatively large amount of exhaust gas is fed to the intake pipe 12 of the engine 10, and the 
combustion efficiency in the engine 10 is maintained. 

[0027] < Working Example 6> Fig. 8 shows a sixth working example of the invention. Symbols 
in Fig.8 the same as in Fig.6 denote the same components. In this example, the EGR passage 66 
on the exhaust downstream side of the particulate filter 19 is provided with a heat-exchanger 81 
and coolant delivery means 82 of respectively the same structure as the heat-exchanger 41 and 
coolant delivery means 62 provided in the EGR passage 66 on the exhaust upstream side of the 
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oxidation catalyst 18, and a temperature sensor 79 detecting the temperature of the exhaust gas 
flowing through the EGR passage 66 is provided in the EGR passage on the exhaust downstream 
side of the aforesaid heat-exchanger 81 . A coolant pipe 83 branching from the main pipe 64a 
connecting the coolant pump 64, radiator (not shown) and engine cooler (not shown) is 
connected to the tubular elements (not shown) of the heat-exchanger 81, and a coolant flow 
control valve 85 is provided at a point along the coolant pipe 83. The detection output from the 
aforesaid temperature sensor 79 is connected to the control input of the controller 24 along with 
the detection outputs from the temperature sensor 49, revolution sensor 22 and load sensor 23, 
while the control output from the controller 24 is connected to the EGR flow control valve 67, 
the coolant flow control valve 65 of the coolant delivery means 62, and the coolant flow control 
valve 85 of the coolant delivery means 82. Part 81a is the case of the heat-exchanger 81 and part 
85a is the valve drive of the coolant flow control valve 85. The example is otherwise constituted 
in essentially the same way as Working Example 4. 

[0028] Operation of:the exhaust gas cleaner thus constituted will be explained. Since the 
temperature of the exhaust gas admitted to the oxidation catalyst 18 does not exceed 350°C, 
formation of sulphate on the oxidation catalyst 18 is reduced. Moreover, although the 
temperature of the exhaust gas discharged from the particulate filter 19 is 200-250°C, the gas is 
then cooled to less than 1 00°C by the heat-exchanger 8 1 ; the combustion efficiency in the engine 
10 is therefore maintained. 

[0029] <Working Example 7> Fig.9 shows a seventh working example of the invention. 
Symbols in Fig.9 the same as in Fig. 1 denote the same components. In this example, the 
oxidation catalyst 18 and particulate filter 19 are provided in the exhaust pipe 14 in that order 
proceeding from the exhaust upstream end while the EGR passage 16 branches from the exhaust 
pipe 14 on the exhaust downstream side of the particulate filter 19. The example is otherwise 
constituted in essentially the same way as Working Example 1 . Since operation of the exhaust 
gas cleaner thus constituted is essentially the same as in Working Example 1, a repeat description 
will be omitted. 

[0030] <Working Example 8> Fig. 10 shows an eighth working example of the invention; 
wherein symbols the same as in Fig.7 and Fig.9 denote the same components. In this example, 
the EGR passage 16 is provided with a heat-exchanger 71 and a coolant delivery means 72 of 
respectively the same structure as the heat-exchanger 71 and coolant delivery means 72 of 
Working Example 5, and the temperature sensor 79 detecting the temperature of the exhaust gas 
flowing through the EGR passage 16 is provided in the EGR passage 16 on the exhaust 
downstream side of the aforesaid heat-exchanger 71. The example is otherwise constituted in the 
same way as Working Example 7. Since operation of the exhaust gas cleaner thus constituted is 
essentially the same as in Working Exaunple 5, a repeat description will be omitted. 



13 



[003 1] Although the EGR passage is confluent with the intake pipe in the aforesaid Working 
Examples 1-8, it may alternatively be confluent with the intake manifold. Again, although a 
monolithic catalyst of Pt supported on a honeycomb support made of alumina was specified as 
the oxidation catalyst, a ceramic of cordierite, beryllia, muUite, zirconia, silicon nitride or silicon 
carbide may be used as the honeycomb support and the catalyst may be a pellet catalyst instead 
of a monolithic catalyst. Moreover, instead of Pt, another active metal such as Pd, Ir, Rh, Co, Cu, 
Ni or Cr may be supported on the honeycomb support. 

[0032] Again, although a honeycomb filter containing a large number of polygonal passages 
subdivided by porous partitions of cordierite whereon Pt is supported was specified as the 
particulate filter in the aforesaid Working Examples 1-8, the filter may be formed from any 
ceramic of alumina, beryllia, mullite, zirconia, silicon nitride or silicon carbide capable of 
forming porous partitions that allow the passage of exhaust gas but not particulates, and instead 
of Pt, another active metal such as Pd, Ir, Rh, Co, Cu, Ni or Cr may be supported on the 
partitions. Moreover, although a pump that was driven by the engine and circulated engine 
coolant to the radiator and engine cooler was specified as the coolant pump in the aforesaid 
Working Examples 3, 4 and 6, the coolant pump is not restricted thereto and may be a dedicated 
pump feeding the water coolant to the heat-exchanger of the invention; in which case the 
controller will control the aforesaid pump as well as the coolant flow control valve. Furthermore, 
the numerical values of exhaust gas temperature cited in the aforesaid working examples are 
illustrations only; the said temperatures are not limited to the numerical values illustrated. 

[0033] 

[Benefit of invention] Since the invention is constituted so that an oxidation catalyst and a 
particulate filter are provided in that order, proceeding from the exhaust upstream side, in an 
EGR passage branching from the exhaust pipe and confluent with the intake pipe or intake 
manifold, and an active metal is supported on the particulate filter so that the particulate filter 
also functions as an oxidation catalyst as hereinbefore described, the unbumed fuel and SOF 
unbumed lubricant combustibles in the particulate fraction of the exhaust gas are first oxidised 
with the oxidation catalyst, and the soot in the particulate fraction of the exhaust gas is then 
trapped on the filter. As a result, the particulate firaction in the exhaust gas circulated to the intake 
pipe or intake manifold is greatly reduced. Again, compared with conventional EGR apparatus 
wherein a heating means must be provided in the filter to incinerate the particulates deposited on 
the filter, the soot deposited on the filter is oxidised by the Pt supported on the filter in the 
invention, in consequence whereof the filter cannot become blocked even though no heating 
means is provided in the filter. 

[0034] Moreover, if the exhaust gas cleaner is so constituted that the EGR passage on the 
exhaust upstream side of the oxidation catalyst is provided with a heat-exchanger allowing heat 
exchange with the exhaust gas flowing through the EGR passage while a coolant delivery means 
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feeding coolant to the heat-exchanger lowers the temperature of the exhaust gas flowing through 
the EGR passage, and the controller controls the coolant delivery means on the basis of the 
detection output of a detection sensor that detects the temperature of the exhaust gas flowing 
through the EGR passage, no sulphate is produced by the oxidation catalyst since the temperature 
of the exhaust gas entering the oxidation catalyst is controlled to below a predetermined value. 
As a result, the particulate content of the exhaust gas circulated to the intake pipe or intake 
manifold from the EGR passage can be further reduced. Again, if the exhaust gas cleaner is so 
constituted that the EGR passage is provided with a heat-exchanger on the exhaust downstream 
side of the particulate filter while a coolant delivery means feeds coolant to the heat-exchanger to 
lower the temperature of the exhaust gas flowing through the EGR passage, and the controller 
controls the aforesaid coolant delivery means on the basis of the detection output from a 
temperature sensor provided in the EGR passage on the exhaust downstream side of the 
particulate filter, the combustion efficiency in the engine can then be maintained since the 
exhaust gas fed to the engine can be held below a predetermined temperature. 

[0035] Furthermore, a similar benefit to the aforesaid is in each case still obtained if the 
oxidation catalyst and particulate filter are provided in the exhaust pipe in that order, proceeding 
from the exhaust upstream side, an active metal is supported on the particulate filter so that the 
particulate filter functions also as an oxidation catalyst, and the EGR passage is constituted so 
that it branches from the exhaust pipe on the exhaust downstream side of the particulate filter, 
and if in addition a heat-exchanger is provided in the EGR passage of the exhaust gas cleaner so 
constituted while a coolant delivery means feeds coolant to the heat-exchanger to lower the 
temperature of the exhaust gas flowing through the EGR passage, and the controller is 
constituted so as to control the aforesaid coolant delivery means on the basis of the detection 
output from a temperature sensor provided in the EGR passage on the exhaust downstream side 
of the particulate filter. 

[Brief Description of Drawings] 

[Fig. 1 ] A constitutional diagram showing the exhaust gas cleaner of Working Example 1 of the 
invention. 

[Fig.2] A constitutional diagram showing the exhaust gas cleaner of Working Example 2 of the 
invention. 

[Fig.3] A graph of the amount of particulates supplied to the intake pipe in Comparative 
Example 1 , Working Example 1 and Working Example 2. 

[Fig.4] A constitutional diagram corresponding to Fig.l, showing Working Example 3 of the 
invention. 
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[Fig. 5] An enlarged sectional view of part A of Fig,4. 

[Fig.6] A constitutional diagram corresponding to Fig.l, showing Working Example 4 of the 
invention. 

[Fig.7] A constitutional diagram corresponding to Fig.l, showing Working Example 5 of the 
invention. 

[Fig.8] A constitutional diagram corresponding to Fig.6, showing Working Example 6 of the 
invention. 

[Fig.9] A constitutional diagram corresponding to Fig.l, showing Working Example 7 of the 
invention. 

[Fig. 10] A constitutional diagram corresponding to Fig.9, showing Working Example 8 of the 
invention. 

[Key to symbols] 

10... diesel engine 

1 1 ... intake manifold 

12... intake pipe 

13... exhaust manifold 

14.., exhaust pipe 

16,66... EGR passage 

17,67... EGR flow control valve 

18... oxidation catalyst 

19... particulate filter 

22... revolution sensor 

23... load sensor 

24... controller 

4 1 ,6 1 ,7 1 ,8 L.. heat-exchanger 

42,62,72,82... coolant delivery means 

43,73... duct 

44,74... blower 

45,75... air flow control valve 

49,79... temperature sensor 

63,83... coolant pipe 

64... coolant pump 

65,85... coolant flow control valve 

68... water (coolant) 
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1 0 diesel engine 

1 1 intake manifold 

12 intake pipe 

13 exhaust manifold 

14 exhaust pipe 

16 EGR passage 

17 EGR flow control valve 

1 8 oxidation catalyst 

19 particulate filter 

22 revolution sensor 

23 load sensor 

24 controller 
26 memory 
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10 diesel engine 

1 1 intake manifold 

12 intake pipe 

13 exhaust manifold 

14 exhaust pipe 

16 EGR passage 

1 7 EGR flow control valve 

1 8 oxidation catalyst 

19 particulate filter 

22 revolution sensor 

23 load sensor 

24 controller 
26 memory 



41 heat-exchanger 

42 coolant deHvery means 

43 duct 

44 blower 

45 air flow control valve 
49 temperature sensor 
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Fig.3 
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1 0 diesel engine 

1 1 intake manifold 

12 intake pipe 

1 3 exhaust manifold 

14 exhaust pipe 

16 EGR passage 

17 EGR flow control valve 

1 8 oxidation catalyst 

1 9 particulate filter 

22 revolution sensor 

23 load sensor 

24 controller 
26 memory 



49 temperature sensor 

61 heat-exchanger 

62 coolant delivery means 

63 coolant pipe 

64 coolant pump 

65 coolant flow control valve 

66 EGR passage 

67 EGR flow control valve 
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Fig.6 



Fig.7 




1 0 diesel engine 

1 1 intake manifold 

12 intake pipe 

13 exhaust manifold 

14 exhaust pipe 

16 EGR passage 

1 7 EGR flow control valve 

1 8 oxidation catalyst 

19 particulate filter 

22 revolution sensor 

23 load sensor 

24 controller 
26 memory 



41 heat-exchanger 
49 temperature sensor 

62 coolant delivery means 

63 coolant pipe 

64 coolant pump 

65 coolant flow control valve 

66 EGR passage 

67 EGR flow control valve 



10 diesel engine 

1 1 intake manifold 

12 intake pipe 

13 exhaust manifold 

14 exhaust pipe 

16 EGR passage 

17 EGR flow control valve 

18 oxidation catalyst 

19 particulate filter 

22 revolution sensor 

23 load sensor 

24 controller 
26 memory 



71 heat-exchanger 

72 coolant delivery means 

73 duct 

74 blower 

75 air flow control valve 
79 temperature sensor 
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Fig.8 



Fig.9 




10 diesel engine 

1 1 intake manifold 

1 2 intake pipe 

1 3 exhaust manifold 

14 exhaust pipe 

1 8 oxidation catalyst 

19 particulate filter 

22 revolution sensor 

23 load sensor 

24 controller 
26 memory 



41.81 heat-exchanger 
49,79 temperature sensor 

62.82 coolant delivery means 

63.83 coolant pipe 
64 coolant pump 

65,85 coolant flow control valve 

66 EGR passage 

67 EGR flow control valve 



1 0 diesel engine 

1 1 intake manifold 

12 intake pipe 

1 3 exhaust manifold 

14 exhaust pipe 

16 EGR passage 

17 EGR flow control valve 

18 oxidation catalyst 

19 particulate Alter 
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23 load sensor 

24 controller 
26 memory 
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Fig.lO 




10 diesel engine 

1 1 intake manifold 

1 2 intake pipe 

13 exhaust manifold 

14 exhaust pipe 

16 EG R passage 

1 7 EGR flow control valve 

18 oxidation catalyst 

19 particulate filter 

22 revolution sensor 

23 load sensor 

24 controller 
26 memory 



71 heat-exchanger 

72 coolant delivery means 

73 duct 

74 blower 

75 air flow control valve 
79 temperature sensor 



21 



[Formal Amendment] 



[Date submitted] 14 September 1995 
[Amendment 1] 

[Name of document amended] Specification 
[Number of section amended] 0013 
[Method of amendment] Alteration [underlined] 
[Content of amendment] 

[0013] <Working Example 2> Fig.2 shows a second working example of the invention; wherein 
symbols the same as in Fig.l denote the same components. In this example a heat-exchanger 4 1 
is provided in the EGR passage 16 on the exhaust upstream side of the oxidation catalyst 18 and 
a ct)oIant is fed to the heat-exchanger 41 by a coolant delivery means 42. The heat-exchanger 4 1 
possesses: a case 41a of diameter larger than the EGR passage 16 and connected to the EGR 
passage 16 at both ends; a large number of fins (not shown) arranged within the case 41a at a 
predefined interval and extending in the direction of exhaust gas flow; and penetrating the fins, a 
large number of tubular elements (not shown) through which coolant can be passed. In this 
example the fins and tubular elements are respectively constituted by SUS304 and SUS316. The 
coolant is air in this example. 
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1/1 JAPIO - (C) JPO & Japio 

PN - ***JP8338320*** A 961224 

AP - JP14701595 950614 

TI - EXHAUST EMISSION CONTROL DEVICE 
PA - (323781) HINO MOTORS LTD 
PAC - JP 

IN - HOSOYA MITSURU; SHIMODA MASATOSHI; UEMITSU ISAO 

AB - PURPOSE:To make a particulate filter simple in structure, and small in 
size, reduce particulates contained in exhaust gas circulated in a 
suction system, and thereby enhance the durability of an engine. 
- CONSTITUTION: An intake pipe 12 is connected to an engine 10 via an 
intake manifold 11, and an exhaust pipe 14 is connected to the engine 
via an exhaust manifold 13. An EGR passage 16 branched out of the 
exhaust pipe is joined to the intake pipe, and a flow rate control 
valve 16 regulates the flow rate of exhaust gas circulated from the 
EGR passage out of the intake pipe. A controller 24 controls the EGR 
flow rate control valve based on the detected outputs of a rotation 
sensor 22 detecting the revolution speed of the engine, and of a load 
sensor detecting the load of the engine. An oxidation catalyst 18 and 
a particulate filter 19 are disposed in the EGR passage in order from 
the upstream side of exhaust gas, and the particulate filter is so 
constituted as to also function as an oxidation catalyst because 
active metals are suppored by the particulate filter. 
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jSJt^^tB-rS[aIIS-feyy-(22)i; . H<riexy>>y(lO)(7) 

m^^2:«iaj-rsm^t-fcy^f(23)i:, mmm-^y*r(22) 

at/miefi^-fe yi^ (23) s7)#«itBai:*] t:^-:^ i ^TfrieE 
G R?TL*SiJffll# ( 17) z: mWt^ 3 y h o— 5 (24) ^ 

rniSMfS.'f^ (14) t:S*;<r;^±giEfflfl*^ /s, jilItciiYtttjgS ( 18) t 

X^r ^ ,\,^ (19) t ;{,?|g(t^>n, 

50 sviav NX Y # A h 7 -f (19) tcvStt^Jg^^si^^ 



(3) 

3 

ilTfflld^ ^'t" -f -X U - h 7 < (19) A^'K-fL^i: L 
I5le E G RiiSS ( 16) ^msi^^'r ^ ^jul^-hy ^ JU^ {I 

[ 9] EG RjiiSS (16)(ClS{t'i/lw<7)EGRji 

88(16) %my,mifxtms.m^m^j:m^miim) t . 

m)iflfft3£taS(71) lCf^«5rfltJ^ LTHillBE G R51|»(16) 

10 

mIflE G RiiS&(16, 66) (CiStt'^fCwCTJE G Rjlff§(16.6 
6) S:i5£ii^#P;<f;<ia)£S:fi?ai-rSia«-fe >-t(79)i: $r(i 

3 y h n- 7 (24) *>'B!fiajajg-b (79) <o«iaiai:>i 
>T HU5e?^M«*&#S(72) imm-ti> X o izmf&^ti 

[000 1] 

iVlT . EGR (Exhaust Gas Recirculation) 
[0002] 

iofi. ^£'.-)EGRjiSg(CgWx4'<7V<f hSr 

-f J: 0«t?yxT?Tifl!l^7)E GRaS8lcSe^JiL-Ci«ia 

^g*>^^^Sn.TU^ (IIBB®6 1-1 0 1 6 6 3). 

#©*^iS(t'^fL, loJpj^StcJ; 0«P*'x4'WN-f--Y 
=»f ;iL-- N *-SMm4^Si7)-C\ x.y=jyi.z>^^ ^ ^ 

I5»§arli»ii:-C'^ , i)^r>J^yi»cr)mm^^^zm,X-t 

imm.-Ct ^cr>'C\ J:.y=yyt)m^-fi, N O X 2r;»c1ilc 40 
[0003] 



iftgH¥8 - 3 3 8 3 2 0 

4 

[0004 ] 

[i!Sli$:»-yii--&^c460^S] ±.iiSmi^m-hfzib 

m 1 tc*-r i ') iiZJiy'Jy 1 OcoiS^vx7^;p k 1 1 (c 
iggESnxyi^y 1 0 \,z:r.rimt^-thf&.%'S 12t. 
3iy=jyi 0O#^vr.*;pHl 3{z«^M:?iixi^j;^>' 

1 oe)m:^'x-ki^^zm\^-rhm%m 1 4 1 . 1 

At^h'it^LX^^'^l 2Xti?S».V-*/l^h' 1 Hc:^ 
jliE^-SEGRafSl 6i:, EGRiiKl 6/!)'^,©^«l 
2X{i«R§^-7-;f:;H>' 1 1 tc:S8S$n^#WxcD8!Ea:2r 

ms^fig^l'E G R'(m.mm^ lib. :^y'Jy 1 0 <r>m 
lK)«K^*^ai-^-.&0e-fe>Hf 2 2 i: , xyi» 1 osot 
?^2:^it-r^^^-tr>--<f2 3i:, lHl«K-tr>"^2 2&l^'m 

m-^y^2 3 <r>^mi ^-h {.zm-^^ ^-c e g Rmsmm 

1 7 &$iJW-t?. 3 >- h a-^ 2 4}: $rfiil>^ciif*'xvtil: 
^ac0ttft-CJ5.|.. '?-CO#SstS).SWi. EGRjiKl 

6 t::^;<f x±8EEPJ*^ /i. mt;:®!^!:!*^^ 1 8 1 a-^ >f ^ 

ii-? 1 9*v^(tM^«t Lr tiSt^-rs i 3 tc-fSi^S^Tt: 

[0005]ifc,ll2 X{il2!4 t^^T i o ^zMimU 
1 8 J: 0«f;</x±VjtifflfJi7)E G RiiSS 1 6XI± 6 6 (cfStt 
f>nj:cOEGR3ifSl 6Xf,ibe^'^hm:ff:^bmic. 
fm^^j:^:^^A 1 Xt±6 1 b . l?ft^mSI4 1 Xl±6 
llZ-i^me S^fftl&tTEGRaS&l 6X{i6 6S:-gitL 
-g.«f;!?XOia«^(KT$-tt-S?#^fi^if&W54 2X{±6 2 

b . mmm i s i o «f ^yxiSKHcT^E o rmk i e x 

{±6 6lCi§(tt>ixicoEGRiiSSl 6X{±6 6&)TitL^ 
«f;;?'XfflS5:t^ai-r-g.jaS-by^f4 9fc^{i|i.. nyh 

m^m 2 xw 6 2 J: d izm^^ixi, ; 

^WtLv^. iit. m7Ximsiz^-tXdl,zr-i-T^^ 
jL h 7 -( 1 9 J; Oflf^^'xTofEiJi'iE g RjfflfS i 
exaesizm-r^ttziDEGRm^i exaee^fs. 
Km/7XbB3Ssmmrj:»3mm i xus i > . 

^SJ^ST 1X{±8 ltC^^«^«*&LTEGR3i3§l 6X 

7 2Xit82b. >'Sx'<^JuV~h7^;P^' 1 9J;*)Sf 
X?"XTBiHHI|<7) E G RiiSS 1 6 Xa 6 6 tClStt i^iXC CO E 
GRjiSSl 6X{i6 6S:i5£il-&^WXv£J8$:l^ai-ri.?a 
JS-fey+^-T 9i;2:iax, 3>hD-7 2 4*^ja^Hr>'-t 
7 9<0«!iijm:>JtcS-:JV>T}^f**&#S7 2 Xt±8 2 2r 

C0006l*7t:.ll2 X<il5i 7 (c^-r i 3 izi^mti^x. 



# 

(4 

5 

1 Xfi 7 1 t3|tig$ii/L>i5''^ h 4 3X{i 7 3 h , y^h 

4 3X{±7 3^^t-rs!i3<i«!^4 ixii? n;xT^ff 
jM-f S7"oT44X{i74i:. ^^'^^ h 4 3 Xil 7 3 (CIS 
(t^>tT,yt7 h 4 3X{i:7 3 i:^tllx.T(7)iMMi:mm^ 
fig=S:xT75S*®J(J|I#4 5X{i75i:^lix, 3>'hD- 

5 2 4 A^)ag-t>"^4 9X(i7 9o^^mal:>3(^s-:^v^^: 

yoT 4 4 Xti 7 4 Zi6<xTiSM$iJ»# 4 5 Xfi 7 5 2r 

6 2 Xf± 8 2 , Sft3<mSI 6 1 XJ± 8 1 izmm^iXfzi^ 10 
»*'g6 3X{i8 3i:. J^fllTK'fe 3XJ±8 3 2-:fr tT 

1^3cMls6 1 X(i8 1 {C7K6 8 a:ff)I-tS?^»*;Ki/r 
6 4 i: . J^ffl*® 6 3 Xii 8 3 WStt <^ fLJ^fflTK'S 6 3 

[0007] *%B^cr)m 2 {± , 0 9 (C^i^t ct 0 izmn'W 20 

1 4 izim x±mim-himzmimm ist^-^^^^^L 

V—hy-oV^ 1 9i:3!r»"iS»t4>^t, v^•T-f =Sf j.L'- h7 

owffxT'm%(r>mws 1 4 *^<i.i5j-iisL7t^ t ^mmt 

«^^E G RiSS§ 1 6 $:iail-S«t:^X t ^3cmig^ 
s*^^ 7 It. mm.^ 7 1 t::?$«E^fltji^ LT E G R 

5 7 2 h , E G R iiS§ 1 6 iClSt-t i^iXi <?) E G Rji3§ 1 

6 $:»giil>SWxa«S-^di-r-&^-fei^^f 7 9 i: ^(i 
i., 3yND— 5 24*<iaS-fey-^7 9<7)«^aiai*tC* 
o'(,^T^^I?«*&^S7 2 Jr^lffll-rS J: 0 tcfltfig-TS i b 

[0008] 

1 7 *^fls< , ^-fmij^-hmwLm^. i s 

A$ii . ^ cnmtmJk 1 8 C-CSf;<7X4'£7V ^ =^ A 
-hi^T'fjiSS^^^S^^^f.W^BU^igS^^-C^bSSOF (So 40 
luble Organic Fracion) tm^WMM^ttt . MZZ<7) 

MWxf)<'<^ >( ^ J. V- h 7 >f 1 9 tiSA^ix. m 
OISS, tSm'gl 2X{iiRgvvzi7i?;UK 1 1 (31^85 

[00091 m2i.z7rs^titmtf:^mt^mx'\t. mit. 

mk \ St~iSA§iT.I)«t;^xas*««|tl4 U:J: 0 



!^rja^8-3 38 3 20 

6 

htzih. iS^'gl 2X{i:iS^v-;^yi.H 1 1 izm^i^tl 
1 9 (cita Lfzmt. 7 -f 1 9 tcfiit$ ^^A»o±ia 

[00 10] 

imtm] mz^wmmm'kmm^zm':s^^xm l < 

<mm 1 >I1 1 tcs^-t i 3 — <r';ux>-i;> i 
OcOiSS^^tr- h(c{itR^s'::i;t:;U Yll^iX LrtK^^ 
1 2*»«igS$n, #r^rf^-hlct4#fmvx7^;UKl 3Sr 
/rL-C«m«l 4*iJi^$^-iS. Sfm«=l 4c^^4'i:iSi 
5.1= 1 2 c7)^4j J: t±E G RjISS 1 6 1 J: 0 lijltf l??$ix 
HP*>C:OEGRa«&l 6{±j^f^«143&^i!b^^ll5^L. 

?5Siil^i 2tc-^f3g-t&. iy^EGRassi eWiCliOE 

GRSSSl 6A>/i>iS«l=l 2t;|gwii§il-I.S^>5':^c7)»£fi: 
$iig^fig^EGRS[Sfi|19#l 7*i^(t<i.iX?.. 
SlJ«tP#l 7(iEGRji»Sl 6^m-t.2>#*l 7at, 
.I<7)#f|sl 7 aS:B)f^<7)||Jg. IP*>EGRaS&l eiM 

J: 0 ix/::|g«igC l 7 b i: ^ ^r^4 . 
[0011] *7t:EGR»£M*iJM#l 7 X'^m^XTx^ 
ffl)<7)E G RiiS^ 1 6 {C«SfXrX±?^fJl*-<b)li{CKft:S!l!«SE 

1 8b^^X'f^^.l— h7^;U^ 1 9tif^nhf\.h. 

=Jf A U— h 7 -f yP;? 1 9{i::c7)^|-C-{i>'N-X?A7-< /I- 
^•^'3^''; , c:i07 ^ 1 9«o^ffiW±vgl4^«7b>tBf# 

t^^^jlU— N7-f/U:J' 1 9{i0S^U^V^*«^WX7&«a 
iXl.vS14^a{iCcOf5i)T'tiPt-e^.O, 7 >f 1 9(0 

5KS:^tfx^u-^3-7^-f y^LfzmzmmtL^. 

<0:ftV^®*e£0^r-x2 IClR^SiXl). 
[0012] xyi^-'y 1 0<D[gte^2r1^ai^-SlH]«K-(r 
y^;-2 2 1 , x:^x> 1 OiOm?tS:«!ffi-r-l.ft^^-fe>-*f 

2 3t\i-oiyYvi-^2Ammx-n^zW^^1x. 

h D- 7 2 4 mm^MtE G R^mm^ 1 7 cg^gg 

$fLS, i3t3>'hn-72 4<0;'<^:»;2 6Uixy>>" 
:^ 1 0 w[l]fejSCRt'''ft^<7)3£^bt=m-§ E GRijitfiSiJ 
i»#l 7t:<kl,EGRa8Sl 6<7)ft3i=S:BBS*^-7>y7'}: 
L-Cieif$iXl., n>ha-7 2 4A>'lHllK-b>'-^2 2S, 

ixm^-fey-9-2 3<r>^m^^-hizm^y'^xEGRmM.m 



(5) 
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> V y 1 0 'Ccowmm^iSi^ ^i&T^-t. NOx 
^f&i)^•C'^=-S.J:•^^::=S:-oTv^^. 2 7{±EGRiiJfS 1 6 

[0013] <^MW2>ll2{i*?6sfl^7)^fifeW2 Ir^ 
•t, ll2tcfcv^Tlll i:|el-i?-^(ilRl-g5<Pa$:*-t, «! 

1 6tcS«i3cji^4 Hmfi^tL. Z<7)mx.ms4 1lZ<^ 

{iS^SS*^ E G RMSi 1 6 E G R^SS 1 6 i 

0:*rfSiO^— X4 1 ai:. CO^-X4 1 artlcW^O 

US4 0 3 5.1^3 us 3 1 ei)^f>^h> i%mi^<r>mX' 

[0014] im^i&^^A 2imim^4 1 

l,zmm$iT.fci^^ h4 3b, r:5'h4 3 2ryi-LTa!i3c«8 
154 lCXT*:EJi|-ri,7'aT4 4J:, ^'^b43tcl5 
(toix^^r^ h 4 3 $rnaX'S.xr<7)»rt*SrllslS«rtl^ 
xr»rL4f6<J1JP#4 5i:S:<lxS. 7'aT4 4{ill]lc^tl 
^^tR (H^-fr-f) 2r*i-i.7'oT:*:«s4 4ai:. 
-/nr*f+:4 4 ac^^mimWl-t^VnT't-^ 4 4 b 
i: 2r*-r-5. o 7'd T2ts:#4 4 aCOSiAP tC^XT ^' 'J - 
■t-4 8*<i5{t^>ix«., xTwPi4*lJ1SP#4 5{iEGRMft 
7 tB&|5l-cOfiji^^L. h4 3$-P,3Wi- 
^##:4 5 a > , Zcr>^i^4 5 a i?rfilT5EtO:ftiS. EP-«?r 
9h4 3i}'^m<^mmz^j:hX o l,zmm-t^:^r- y b'i^ 
^^:-5'^4:J: 0«ifi!c$ix^v:iBllgi54 5 b i:?:^?., 

[0015] ttzEG R}TiS*ra# 1 7 itmitfm l s 
.RVB3cm^4 iraicoEGRas&i 6i,zmi-htL. mit 

1 8 RV^E G R?)il4$fJ1«# 1 7 PbIco E G RilSS 1 6 
ictid S7)E G RilK 1 6 2r»SixSllf;^?':^vS«?:^ai-r S 
aK-ty-9-4 9*i^f A^iX'S*. hn-7 2 4<7)$i|iai 
XfSl,Ziii§^-^y*r4 9. miE-fey^f 2 2jil/fft<§=-fe>' 
•9-2 3cO#:^Uiai:>lA^«i^$*t.. 3yha-^24coaiiJ 

m&:niziirr3T 4 4 . xrgiai*i|»#4 5 ^^i^e g r 
»£a$imii# 1 7 icti^s s . bz.^ X'Mim^ 1 s a 

□t::tJtt^flf;<?xiS.S*i4 0 0'C$:M;t. I. i: , #f;*'x4> 
COS 02*ii?-fi:MJi 1 8 tcj: 0is-fb$*iT-9-;U7 X- h 

7 X — h ti>' N'-r ^ A P - h t L -C 75"> y h § ix 

Wc*^, 3>-ho-^2 4i±EGR3i881 6S:«Dh.l.Sf 

XiSSA^' 350'C$:®;c^v>J:atcyD"5'44 S.y x 

mimmmi tB&m-izmfS.^ti^. 
1 0 0 1 6 1 <itmm 1 >ii5^ t^(r»*«-^0<j 1 <r>mit 

fm:RV^' N'T" -f ^ JL U— ^ 7 -f /U^' $: E G RjiS&*> t^JR 



^\-L. EG Rii5&{i E g R^mm^iOiff-^mnzm:^' 
[00171 <mmwm>mmm 1 , mmm2M/itm 

0 iT^m^mfS.Rwn.^i^ir^tim-'^mz t t e g r 

iiSS 1 6 *^ ^>©m« 1 2 {c:3S»ri$ ii/::*^^!?;^ 4' w n't- -f 

[00 18] C:cOg»:SiiSm2rll3tc^f . ll3*>'^B^f> 
J: d . tb^^^J 1 XU^ N-f - ^ A I— h 5 . 
10 0 sy^^X'$>'yfz(r><,znL. mtmiX'ii'-^T- ^ ^ j- 
u-hiO»*>'l. OsX^^b:kmi>zi&mtt:, ztiit 
E G R}^l:$fJtiP# 1 7 A-fjiav ^Tffi^-fllS*^ 1 8 IZMW:^*^ 

^m^iKjtvft^^^^t-C-Ji^SOF (Soluble Organic 

Fracion) imitMMi sizx^mimm^ti. 

f--<^ii--b7 -f 'UJ' 1 9(:ziA§ix/::S^7?"x4'Wt 

^1 2izmf^^ti. xy-i/'y 1 Oi75i}:^tt?:i6]±Tt' 
20 ttiy -f/l'^ 1 9tcitmL^cJ®{±7 1 9i;ffl 

^^tLfzPtizx K)mmm^tihcox\ 7 /i^r? 1 9 

[0019] mtm 2 XW ^•■r ^ ^ A l^- h <7)**^' 0 • 

3 g /b*Pb1 t mimi 1 J; 0 StciSM Lfc . .1 

m 1 8l3^A§ni.fif^"xjajg*im3£mS4 1 J; 0 3 

5o-cmT«c$i]fflisn-i>/ia^. mtfmi 8izx^f\^y 

X- h*i^RS;$n^H^7ty>T-$)-S> , *Jt7 -f 1 9lw 
tt«L/i«|{i. 7 -r 1 9lcffli#§ix*^o3 5 0°CUI 

Tt^iaisttMSJvsii&^-rp t izx 'omitum^fi^ 

[0020] <mmm 3 >ia 4 5 it^wncomm 
msi^-t. m4i,z}5^^xmi tm-i^-^an-^shi 

nk-t. ^<r>mX'ii. ir-ftftfeiil 8iO«Wx±g£ffl!lcoE 

GRm^eea^^^yi^mzmifrLxwm^ri. ±taE 

GR3iS§6 60:7 7y74fcgl56 6 at3EGR>14*JtJ|)# 

6 7 *^is(t ^>ixi> . ^ co$ijisi# sums izm L < 

iotC. EGRilg&6 6 50^!'^y^'«g»6 6a<OBStt)^ 

rti^ffitcll^^ix/:: U yy^(^^m.b 7 a > , 

6 7 a*^^WKiXii^c7)#;^6 7 aic^ti-t^:: fctci 

40 ':)EGRjlS&6 6$:PWf"'i>*f4s6 7b>:. C:0#f!|5 6 

7 b^EGRjlS&e SiO^^^y^'^^ISe 6 a4>i^<?>R^ 
*l«lt:afSlll$ii:TEGR3i8S6 6*^^«ora^(c^l> 

[0021] EGRa8S6 6<0^'7y^'4^S?6 6a^® 
\ii^\'r-j ve 1 aCCiOS^ji-L. y N 6 1 

afcEGRjiSSeei: «0Slc{4^^.« 6 8 *5jl3a^fig^2 
m6 1 bj&^m^ilS. EGRaS&6 6c^^'7y^'ttSI5 
6 6 a t i^A-^v h 6 1 a fct:: j; »3Sft35mgs6 1 *««Bg 
50 § . C <0|»i3SfftS 6 1 cOlSm 6 1 b ^Zii<%m^^^ 
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h 6 1 a.lzmWt^tlfci^mpk'Be 3 t . Z<^<%ffl7ii^ 

6 3 $• L T ±SS^Rlr 6 1 b CtR 6 8 r fE3i|-t ^ /^ffl^K 

Tit yr est, ^^ai^K® 6 3 (cfgft crti^mm e 

[0022] ?#a]7K--Ky7"6 4{ixy>'-y i otcj: Om 

hh. ?^in7j<1=6 3£0— ^{i:;t?yr6 4 0n±ajPW<7)3|s: 
«6 4 a(Ct#^$#l. ffi^{i7i/'x-:?t-tg^^$ix|>, 

j^in?KeiE*$<iffli# 6 5 tij^a^icffe 3 ^wmth-- h 

[0 0 2 3] Sfv:EGRMK6 6$-j5iEni.«WXffiJS^ 

*^tii^ S ?S;S-t V*?- 4 9 {iSS-fbftl!^ 1 S ^iU'l^^lStl 6 

<?)SiJfP7.::']lc{i-^JK-fe>-^4 9. m%l-^y^2 2,ai/ft 
^-bVt/-2 3i7)#<^aiai:^3Aii#iBg$fL, n>Na-7 2 
4c7j$lJ^ait|(C(i;^ffl7j<?4ft*i|P#6 GR>I« 
6 7 \ZW^t:t\.h . i7^v:rJ>'hc7-524fiEG 
RjiSSe 6 ar«axSflf7yXvaS*>3 5 Or^r®X^V^J; 
a (Cj^in7l<»g»$ijffli# 6 5 $r*ijf»-t^ J: d 

[00 24) <-mmA >ll6{i*l6B|]^)||Sg^i4 

-r, (2i6(ciji^Tia4 ti5i-i?^-<ii5i-i[gq°aS-^-r. ^ 

cnmX'Xi. E G RfiS»$iJfflI# 6 7 (il|Jfef?"j3 c^E G Rvj£ 
B&lRl-(Cfll^$tl. #^6 7 a i:#»c6 7 b 

hlEfljgEe 7ci:$-:6-r^, i^cEGRgiE»$l|tai#6 7 
at/'^ ftWi 1 8 TbI^O E G RaS& 6 6 (C|S(t i^^l^cSft^C 

*ftii4 wtm^i^M da^-tH") F*i^a)a-r-s<^jK*i7j<T- 
$ tifz ^mcrm^w ( 0*-y:-r ) w-r i. , 4 

^H^^SEffi^^Si:BgpI-^^^g)^$i^|>. EGRMSSee 
2:)mi.S^75fxig«S:1^til-r2.?fiit-tyif4 9(iK^bM 
m 1 JtlJf^JfSIStS 4 1 ^(7) E G RilS& 6 6 icif A3 it 

[0025] <mmm5>m7ii:^^Bfi<Dmnm5 $-5^ 

•t. EI7(CtJl^TlllSt>'EI2i:ll— ^^^{i|p)— Agfp^ 
^•f. ZcomX'it. ''N'-r-f ^jL^-h^ 1 9 J: 0 



(6) ^^^8-3 38 3 20 

1 0 

m^'xTi^mcoEGRimi etc. ii]ffifi?!i2<7)»7^msi 
4 1 sa/{%timi^^f^4 2 b ^ti^'tim-mmcom^m 

7 1 i 0^^;i'"XT»SffllJCOEGRilKl 6{cC:<?5EGRjl 
SSI 6 Sr?)^ti^i.S^7yxc7)^gJ^^:^^^i■r-?>S«-fc:>'^f 7 9 

A*IS(t/i>ixi,. j:cr>?as-fe>-t>-7 9i7)«?ajai:'j(±0*j::-b 
2 2 2itt;=ft?Sf-b y^2 3 co^iajaj:^ i: t tea > h 
n-7 2 4cO*i|ffliA:;'jWfiBg§/i. 3ybo-7 2 40 
mmiiiiliiEGRm.M.mm^ \lt. r^«Ef**^#S7 1 
10 tf0xri?i»MiHI#7 5S.lXyor^-:5' 7 4 btciggg? 
iXi>. 7'or7 4{irnr*«|s7 4 afcT'or^:— ^7 
4bi:S-WL. rar7 4c?)S5APWixr:7 U— f7 

8 i3^m^ i:>ixh. ttirnT74 iattth □ t mc.i^ 7 

1 0'S=4^<*:2rtgg!-r-S. h 7 3 tc{4#^7 5 a h-lBW 
ai7 5 b i: €:^-ri.xrj3iEi*iU»#7 53&«i$(t^il-&. 
tfc7 1 a{4S(i^m§l7 lc7)^-XT'ftl). ±ieW5'M4 

[0026] J: 0 tzm^^tifzm:^xi^^\:Mm(m 

20 ;u 1 9 (c J; D fif^#^'x<7)jSK*s i o o •ca± 
■C<f)l>^t «:ia^-t;x-^7 9*«i^a3-tSi;. r?>-ha- 
=7 2 4iiz <r>i&m-t y*r7 9 cr>miiitii:tjlzm-:i\> ^Xi^U 
fft*&¥ga7 1 £7)roT^-:5'74 b$-|gl{)t7'DT74 
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